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Detailed information on isomeric states in A ≈ 135 nuclei is exploited to benchmark shell-model
calculations in the region northwest of doubly-magic nucleus 132Sn. The N = 79 isotones 133Xe and
135Ba are studied after multinucleon transfer (MNT) in the 136Xe + 208Pb reaction employing the
high-resolution Advanced GAmma Tracking Array (AGATA) coupled to the magnetic spectrometer
PRISMA at the Laboratori Nazionali di Legnaro, Italy and in a pulsed-beam experiment at the FN
tandem accelerator of the University of Cologne, Germany utilizing a 9Be+130Te fusion-evaporation
reaction at a beam energy of 40 MeV. Isomeric states are identified via delayed γ-ray spectroscopy.
Hitherto tentative excitation energy, spin, and parity assignments of the 2107-keV Jpi = 23/2+
isomer in 133Xe are confirmed and a half-life of T1/2 = 8.64(13) ms is measured. The 2388-keV
state in 135Ba is identified as a Jpi = 23/2+ isomer with a half-life of 1.06(4) ms. The new results
show a smooth onset of isomeric Jpi = 23/2+ states along the N = 79 isotones and close a gap
in the high-spin systematics towards the recently investigated Jpi = 23/2+ isomer in 139Nd. The
resulting systematics ofM2 reduced transition probabilities is discussed within the framework of the
nuclear shell model. Latest large-scale shell-model calculations employing the SN100PN, GCN50:82,
SN100-KTH, and a realistic effective interaction reproduce the experimental findings generally well
and give insight into the structure of the isomers.
PACS numbers: 23.35.+g, 27.60.+j, 21.60.Cs,38
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2I. INTRODUCTION39
The N = 79 isotones 133Xe and 135Ba, only three neu-40
trons away from the N = 82 shell closure, are located41
within the proton midshell between the Z = 50 shell42
and the Z = 64 sub-shell closures. In this region, the43
evolution of nuclear collectivity competes with the ex-44
citation of single-particle states. Enabling high-j cou-45
plings, the intruder h11/2 neutron orbital is pivotal for46
high-spin states in this region. 133Xe and 135Ba present47
an intriguing study ground for the predictive power of48
the shell model at both low and high spins in the vicinity49
of the N = 82 neutron closed shell. In particular, de-50
tailed knowledge of long-lived states – so-called isomers51
– provide a sensitive probe for the active quasiparticle52
configurations.53
Figure 1 shows the evolution of several negative-, and54
positive-parity states along the N = 79 chain, ranging55
from semimagic 12950Sn up to 14364Gd. Isomeric Jpi = 11/2−156
states with neutron-hole νh−111/2 configurations were dis-57
covered in all odd-mass N = 79 isotones. Furthermore,58
several Jpi = 19/2+, 23/2+, and 27/2− high-spin iso-59
mers above the Jpi = 11/2−1 states were reported in the60
literature. These isomeric states are explained as high-61
spin members of the ν(h−211/2d
−1
3/2) and ν(h
−n
11/2), seniority62
v = 3 multiplets [1–9].63
Information on excited states in 129Sn and 131Te were64
mainly obtained from β decay and actinide fission stud-65
ies. In a previous experiment, the semimagic nucleus66
129Sn was populated via thermal neutron induced fis-67
sion and investigated by means of γ-ray and electron-68
conversion spectroscopy [1, 9]. Two L conversion lines69
corresponding to transition energies of 41.0 and 19.7 keV70
were identified as the decay of Jpi = 23/2+ and 19/2+71
states, respectively. Based on the decay curves of the two72
electron-conversion lines and corresponding γ-ray decays,73
half-lives of T1/2 = 2.4(2) µs for the Jpi = 23/2+ state74
and T1/2 = 3.6(2) µs for the Jpi = 19/2+ state were de-75
termined [1]. In 129Sn the seniority v = 3 multiplet is76
completed by the Jpi = (27/2−) state at Ex = 2552 keV77
(T1/2 = 0.27(7) µs), identified by Lozeva et al. in78
2008 [4].79
131Te was populated in a pioneering 64Ni + 130Te80
multinucleon-transfer experiment at the GASP γ-ray81
spectrometer [10]. A delayed 361-564-833-keV triple-82
γ coincidence was identified to form the (21/2−) →83
(19/2−) → (15/2−) → 11/2− yrast band. Referring84
to isotopic systematics, a Jpi = 23/2+ isomer is pro-85
posed that is located slightly above the Jpi = (21/2−)86
state at Ex = 1941 keV with a lower half-life limit87
of T1/2 > 1 µs. However, no low-energy E1 transi-88
tion was observed in this work. Soon after, 131Te was89
also populated after thermal fission of U isotopes at the90
OSIRIS mass separator by Fogelberg et al. [6]. In this91
work, a very long half-life of T1/2 = 93(12) ms was de-92
termined. Based on conversion-electron measurements,93
the authors excluded a low-energy E1 transition hypoth-94
esis and the Ex = 1941-keV state was revised to be95
a Jpi = (23/2+) isomer. The 361-keV transition was96
proposed to be of E3 character, connecting the isomer97
with a Jpi = (17/2−) state. Finally, in a later fusion-98
fission experiment by Astier et al. [2] utilizing the EU-99
ROBALL array, the negative-parity band on top of the100
Jpi = (19/2−) state was extended to excitation ener-101
gies of approximately 4.7 MeV and spin Jpi = (35/2−)102
. The determined lower limit of the half-life of the103
Jpi = (23/2+) state (T1/2  10 µs) is in agreement104
with the previous experiment. The multipolarity of the105
361-keV transition was reevaluated to be mainly of M2106
character. Based on the OSIRIS result and the reeval-107
uated M2 character, a reduced transition strength of108
B(M2; 23/2+1 → 19/2−1 ) = 2.0(3) × 10−6 W.u. [2] was109
deduced. Shell-model calculations predict a ν(h−211/2d
−1
3/2)110
configuration for the Jpi = (23/2+) state and a predomi-111
nant (νh−111/2)(pig27/2) configuration for the Jpi = (19/2−)112
state. No feeding transitions for the Jpi = (23/2+) isomer113
were yet discovered in 131Te.114
Going to the proton midshell, a first search of high-115
spin isomers in 137Ce was made using a 4He + 138Ba116
reaction [11]. No evidence for a long-lived state was117
found in the off-beam range from 10 to 300 µs with118
respect to the beam pulse. Later, a J = (31/2) state119
at Ex = 4255 keV was observed to be isomeric with a120
half-life of T1/2 = 5(2) ns according to the time dis-121
tribution of the depopulating 552-keV γ ray [12]. The122
level scheme of 137Ce was extended up to highest spins123
via 18O + 124Sn [13] and 13C + 130Te [14] reactions. To124
date, only a Jpi = 23/2+ state above Ex = 3 MeV is125
reported. It is much higher in excitation energy than in126
the other N = 79 isotones and disrupts the systematics127
(c.f. Fig. 1).128
First spectroscopic data on the elusive Jpi = 23/2+129
isomer in 139Nd were reported by Müller-Veggian et130
al. [15] employing a 140Ce(α, 5n) reaction. The level131
scheme above the Jpi = 11/2−1 isomer was extended to132
an excitation energy of approximately 4 MeV. Delayed133
γ rays deexciting the Jpi = 19/2+1 state were observed134
in off-beam γγ-coincidence spectra. Based on the de-135
cay curve, a half-life limit of T1/2 > 141 ns was de-136
duced. Later, the isomer’s excitation energy was con-137
strained to be above the Jpi = 19/2+1 state and a precise138
half-life of T1/2 = 272(4) ns could be obtained [7]. How-139
ever, the isomer could not unambiguously place in the140
level scheme. Finally, in 2013, a recoil-decay tagging ex-141
periment at the Jyväskylä accelerator facility confirmed142
the previous half-life measurement [3]. The authors ob-143
served feeding transitions from the decay of three higher-144
lying Jpi = (25/2−) states allowing for a placement of145
the isomeric Jpi = (23/2+) state in the level scheme at146
Ex = 2616 keV, only 44 keV above the Jpi = 19/2+ state.147
However, that 44-keV transition is still unobserved.148
Towards the subshell closure at Z = 64, detailed high-149
spin structure information is avaiable for 141Sm [16, 17]150
and 143Gd [17–19]; no high-lying isomeric states were ob-151
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Figure 1. (Color online) Evolution of excited states along the N = 79 chain. Dashed lines connecting levels of same spin
and parity are drawn to guide the eye. The Jpi = 23/2+1 states in 129Sn, 131Te, and 139Nd are isomers. A candidate for a
Jpi = 23/2+ isomer at Ex = 2107 + x keV was reported in 133Xe [5]. It is expected that a corresponding long-lived state is also
present in 135Ba. Data extracted from the ENSDF database [8] and Refs. [1, 5–7].
served.152
The onset of isomerism as a function of the proton153
number along the N = 79 chain (see Fig. 1) moti-154
vates a refined investigation of isomeric Jpi = 23/2+155
states in 133Xe and 135Ba. The available data on low-156
spin states in 133Xe mainly originate from β-decay stud-157
ies of 133I [20]. The Jpi = 11/2−1 isomer at 233 keV158
with a νh−111/2 neutron-hole configuration has a half-life159
of 2.198(13) d [21]. First results on the high-spin struc-160
ture were obtained by Lönnroth et al. [22] via α-induced161
reactions on 130Te at beam energies of 14.1 to 18 MeV.162
Three γ rays with energies of 247.4, 947.8, and 695.2 keV163
were placed above the Jpi = 11/2−1 isomer to form a164
(23/2−)→ 19/2−1 → 15/2−1 → 11/2−1 cascade.165
Recently, the high-spin regime of 133Xe was extended166
via 136Xe+208Pb and 136Xe+198Pt multinucleon-transfer167
reactions employing the Advanced GAmma Tracking Ar-168
ray (AGATA) coupled to the magnetic spectrometer169
PRISMA and the GAMMASPHERE spectrometer in170
combination with the gas-filled detector array CHICO,171
respectively [5]. A 1253-468-465-keV prompt triple coin-172
cidence was observed to form a band unconnected to any173
known states in 133Xe. According to the time structure174
in the GAMMASPHERE data set, a long-lived isomer175
with T1/2  1 µs was proposed at Ex = 2107 + x keV.176
High-spin states in 135Ba above the Jpi = 11/2−1 iso-177
mer (T1/2 = 28.7 h [23]) were investigated by Che et178
al. [24]. Excited states were populated up to excitation179
energies of 5.8 MeV using a 130Te(9Be, 4n)135Ba reaction180
at 45 MeV. A 1184-254 keV cascade was observed to feed181
the Jpi = 15/2−1 state at Ex = 950 keV. The 2134-keV182
state was identified as the Jpi = 19/2−2 state, while no183
spin assignment was given for the 2388-keV state. More-184
over, no decay from higher-lying states into the 2388-keV185
state was observed. Later, a first tentative spin assign-186
ment of Jpi = 21/2(−) was proposed for the 2388-keV187
state [25]. A high-spin investigation by Kumar et al. ex-188
tended the level scheme with 20 new γ rays [26]. Direc-189
tional correlation measurements confirmed the spin and190
parity assignments of the Jpi = 19/2−2 state and indicated191
a tentative J = (23/2) spin assignment for the 2388-keV192
state. Even though detailed data are available up to high-193
est spins and excitation energies, no feeding γ ray to the194
2388-keV state was found to date. This observation cor-195
roborates the existence of a long-lived J = 23/2+1 isomer196
in 135Ba.197
In this article, we report and discuss new results198
on isomeric Jpi = 23/2+ states in the N = 79199
isotones 133Xe and 135Ba obtained in two different200
experiments. 135Ba was populated in a 136Xe +201
208Pb multinucleon-transfer (MNT) experiment em-202
ploying the high-resolution position-sensitive Advanced203
Gamma Tracking Array (AGATA) [27] in combination204
with the magnetic mass spectrometer PRISMA [28–205
30]. In a fusion-evaporation experiment, both 133Xe and206
135Ba were investigated with the HORUS γ-ray array [31]207
at the Institute of Nuclear Physics, University of Cologne,208
employing a pulsed 40-MeV 9Be beam impinging onto a209
130Te target. This paper is organized as follows: the210
experimental setup and data analysis of the two exper-211
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Figure 2. Partial level schemes of (a) 133Xe and (b) 135Ba. The reduced transition strengths of the 231-keV transition in
133Xe and the 254-keV transition in 135Ba are subject of this paper. Dominating transitions in the HORUS fusion-evaporation
experiment are presented with thicker arrows.
iments are described in Sec. II, followed by the exper-212
imental results in Sec. III. A detailed comparison with213
shell-model calculations is presented in Sec. IV before214
the paper closes with a summary and conclusions.215
II. EXPERIMENTAL PROCEDURE AND DATA216
ANALYSIS217
A. 136Xe + 208Pb multinucleon transfer218
135Ba was populated in a 136Xe + 208Pb multinucleon-219
transfer experiment at the Laboratori Nazionali di Leg-220
naro, Italy. In this experiment, a 6.84 MeV/nucleon221
136Xe beam, accelerated by the PIAVE+ALPI acceler-222
ator complex, impinged onto a 1-mg/cm2 208Pb target.223
The Advanced GAmma Tracking Array (AGATA) [27]224
in a first demonstrator configuration [32] was placed at225
a distance of 18.8 cm from the target position to mea-226
sure γ rays from excited states. The array consisted of227
nine large-volume electronically segmented high-purity228
Ge (HPGe) detectors in three triple cryostats [33]. An229
isotopic identification of the nuclei of interest was pro-230
vided by the magnetic spectrometer PRISMA placed at231
the reaction’s grazing angle of θlab = 42◦. An event regis-232
tered by the PRISMA focal-plane detector in coincidence233
with an AGATA event was taken as a trigger for the data234
acquisition. Pulse-shape analysis of the digitized detec-235
tor signals was applied to determine the individual in-236
teraction points within the HPGe shell [34], enabling the237
Orsay forward-tracking algorithm [35] to reconstruct the238
individual emitted γ-ray energies, determine the first in-239
teraction point of the γ ray in the germanium and, thus,240
the emission angle. Together with the kinematic infor-241
mation from PRISMA, a precise Doppler correction was242
performed. Further details on the analysis can be found243
in Refs. [36, 37].244
B. 9Be + 130Te fusion-evaporation reaction245
In a second experiment, 133Xe and 135Ba were pop-246
ulated in a 130Te + 9Be fusion-evaporation reaction.247
The FN Tandem accelerator of the Institute of Nuclear248
Physics, University of Cologne delivered pulsed 40-MeV249
9Be beams with two different repetition rates onto an250
enriched 130Te target with a thickness of 1.8 mg/cm2251
evaporated onto a 120-mg/cm2 thick Bi backing plus a252
132-mg/cm2 thick Cu layer for heat dissipation. Approx-253
imately 95% of the reaction products were stable nuclei,254
stopped inside the Bi backing. The pulsing system was255
placed at the injection line of the FN Tandem accelera-256
tor and comprises five deflectors aligned parallel to the257
beam axis. The electric potential of one side of the de-258
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5flectors was grounded, while the electrical potential of259
the opposite side was alternating between ground level260
and 1.3 kV.261
The first pulsed beam had a pulse width of 75 ms262
and a repetition rate of 3.33 Hz. To exclude the back-263
ground from β-decay channels and longer-lived isomers,264
a second pulsed beam was employed with a pulse width265
of 3.75 s and a repetition rate of 66.66 mHz. γ rays266
were measured using the HORUS array [31] compris-267
ing 14 HPGe detectors, six of them equipped with BGO268
Compton-suppression shields. The detectors were posi-269
tioned on the eight corners and six faces of a cube. γ270
events were processed triggerless and recorded utilizing271
the synchronized 80-MHz XIA™ Digital Gamma Finder272
(DGF) data-acquisition system. In addition, a reference273
signal given by the pulsing system was recorded.274
The data were sorted into (i) a two-dimensional γ-γ275
matrix with a time gate of 250 ns between coincident276
γ events, (ii) a two-dimensional γ-t matrix to gate on277
different time windows relative to the reference pulse, and278
(iii) a total of three group matrices each corresponding to279
detector pairs with relative angles Θ = {54.7◦, 70.4◦, 90◦}280
for off-beam angular-correlation measurements using the281
soco-v2 code [38]. In total, 7.1 × 107 γγ-coincidence282
events and 1.2× 109 γ-t events were collected.283
Spins and parities of populated states in the HO-284
RUS experiment are investigated in the off-beam mea-285
surement with the γγ angular-correlation code cor-286
leone [39, 40] based on the phase convention by Krane,287
Steffen, and Wheeler [41, 42]. Different hypotheses of in-288
volved spins J1, J2, J3 and multipole-mixing ratios δ1, δ2289
of two coincident γ rays in a cascade J1
δ1−→ J2 δ2−→290
J3 are evaluated by χ2 fits of the correlation function291
W (J1, δ1, J2, δ2, J3,Θ, σ) to experimental correlation in-292
tensities for the three angular-correlation groups. θ1293
and θ2 are the angles between beam axis and detectors;294
Θ = θ1− θ2 denotes the relative angle of a detector pair.295
A deorientation from the beam axis is taken into account296
by increasing the value of σ.297
III. RESULTS298
Partial level schemes of excited states in 133Xe and299
135Ba, which are discussed in this paper, are displayed300
in Figs. 2(a) and 2(b). The determined half-lives of iso-301
meric states in 132,133Xe and 135,136Ba are summarized302
in Tab. I.303
The Doppler-corrected beam-like singles γ-ray spec-304
trum gated on 135Ba from the 136Xe + 208Pb AGATA305
experiment is shown in Fig. 3(a). Random background306
is significantly suppressed by gating on the prompt peak307
in the time-difference distribution between AGATA and308
PRISMA. Prominent transitions are marked with labels.309
The decays of the Jpi = 19/2−1 and 15/2−1 states at en-310
ergies of 1052 and 682 keV are clearly visible as domi-311
nant peaks in the spectrum. Transitions in the positive-312
parity dipole band, on top of the Jpi = 21/2+2 state at313
Ex = 3083 keV are observed well above the background.314
The highest excitation energy identified in the 135Ba re-315
action channel corresponds to the Jpi = 31/2+ state at316
Ex = 4696 keV. The insets Figs. 3(b) and 3(c) show mag-317
nifications into the measured γ-ray spectrum around the318
γ-ray energies of the expected decays of the Jpi = 23/2+319
state at 254 keV and around the decay of the Jpi = 19/2−2320
state at 1184 keV, respectively. The 1184-keV transition321
is clearly visible in the prompt AGATA spectrum, how-322
ever, the 254-keV feeding transition is absent. This obser-323
vation suggests that the half-life of the 2388-keV state is324
significantly longer compared to the width of the prompt325
peak in the time-difference spectrum between PRISMA326
and AGATA, i.e. ∆tPRISMA−AGATA ≈ 16 ns. Conse-327
quently, the observation of the 1184-keV transition ac-328
companied by the absence of the 254 keV feeding tran-329
sition, despite the observation of other high-spin bands,330
indicates an isomeric character of the Ex = 2388 keV331
state.332
In the first part of the HORUS experiment, the beam333
pulse width was set to 75 ms, followed by a 225-ms time334
window for off-beam measurements. The recorded ref-335
erence time at the beginning of the beam flash allows336
to gate on different off- and in-beam time windows. In337
particular, gates within the time window between 75 and338
300 ms with respect to the reference pulse restrict the γ-339
ray spectrum to the off-beam measurement. Figures 3(d)340
and 3(f) show γ-ray spectra obtained with different time341
windows. The γ-time matrices with the applied gates342
are shown in inset Figs. 3(e) and 3(g). In the matrix343
a distinct separation between in-beam and off-beam γ-344
ray spectrum is visible at 75 ms relative to the reference345
pulse.346
In order to validate the experimental procedure, sev-347
eral well-known long-lived millisecond isomers were in-348
vestigated. By gating on the time window ∆t = 80-349
90 ms (Fig. 3(d)), delayed transitions at energies of 174,350
538, 600, 668, and 773 keV, forming a cascade below351
the Jpi = 10+1 isomer in 132Xe, are clearly enhanced in352
the γ-ray spectrum. Furthermore, the spectrum exhibits353
the 1048-keV 4+1 → 2+1 and 819-keV 2+1 → 0+1 transitions354
originating from the Jpi = 7−1 isomer in 136Ba. The peaks355
at 231, 948, and 695 keV are mutually coincident and356
identified as the decay cascade of the Jpi = 23/2+1 state357
in 133Xe. A background-subtracted in-beam prompt γγ-358
coincidence spectrum with a gate on the 1253-keV tran-359
sition in 133Xe is shown in Fig. 4. Coincident transitions360
at energies of 465 and 468 keV are forming a 1253-468-361
465 keV cascade on top of the Jpi = 23/2+ isomer con-362
firming the oberservation in Ref. [5]. Other lines at 197,363
847, 1039, and 1239 keV originate from the 19F(n, n′γ)364
reactions and the β decay of 56Mn into 56Fe.365
The delayed transitions in 132,133Xe and 136Ba are also366
visible in the spectrum gated on the time window ∆t =367
75-80 ms in Fig. 3(f). Based on the AGATA data set,368
a pronounced delayed 254-1184-682-keV γ-ray cascade in369
135Ba is expected. The observation of this cascade in370
the off-beam spectrum in Fig. 3(f) clearly confirms the371
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Figure 3. (Color online) (a) Doppler-corrected γ-ray spectrum gated on 135Ba identified with PRISMA in the 136Xe+208Pb
experiment. Insets show the zoomed spectrum around the expected transitions at (b) 254-keV and (c) 1184-keV. (d) Projection
of the γ-t matrix gated on a time window between 80 and 90 ms relative to the reference time at the beginning of the beam
flash. (f) Similar data for a gate on a time window between 75 and 80 ms. Delayed transitions below the Jpi = 23/2+1 isomers
in 133Xe, 135Ba, and below the Jpi = 10+1 isomer in 132Xe are marked with symbols and dashed lines to guide the eye. Both
insets (e) and (g) present the γ-t matrix relative to the reference time. The applied time gates are surrounded by black boxes.
presence of an isomer in this nucleus. The absence of372
the cascade in the spectrum in Fig. 3(d) implies that the373
isomer in 133Xe has a longer half-life compared to the374
similar state in 135Ba.375
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Figure 4. Prompt in-beam γγ coincidence spectrum with a
gate on the 1253-keV transition in 133Xe above the Jpi =
23/2+ isomer. Coincidences at energies of 465 and 468 keV
are visible.
Figures 5(a1,2)-(c1,2) show fits of well known half-lives376
of isomeric states in 136Ba and 132Xe. The fit func-377
tion of the time spectrum N(t) is chosen as N(t) =378
a exp[t ln(2)/T1/2] + b with a and b as free parameters.379
The decay chain deexciting the Jpi = 7− isomer in 136Ba380
is observed in the seconds-range pulsed-beam experi-381
ment. The corresponding background-subtracted time382
projection of the 2+1 → 0+1 transition at Eγ = 819 keV383
and the fitted decay curve are shown in Fig. 5(a1). For384
the sake of completeness, a similar plot with a logarithmic385
scale is shown in the inset Fig. 5(a2). The measured half-386
life of T1/2 = 0.296(7) s is in good agreement with pre-387
viously measured values [44–46]. The absolute fit resid-388
ual, defined as difference between absolute experimental389
value and fit function, is presented in Fig. 5(a3). In addi-390
tion, fits of the background-subtracted time projections391
of the 538-keV and 668-keV transitions, depopulating the392
Jpi = 10+ isomer in 132Xe, are depicted in Fig. 5(b1,2)393
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7Table I. Measured half-lives of selected isomers observed in the 9Be + 130Te experiment. The different columns indicate the
nucleus, repetition rate of the pulsed beam, excitation energy, spin and parity of the isomeric state, the energy of the γ ray
used to determine the half-life, the deduced weighted mean half-life, and previous results reported in the literature.
Isotope Repetition rate (Hz) Ei (keV) Jpii (~) Eγ (keV) T1/2
Present work Literature
136Ba 0.066 2031 7− 819 0.296(7) s 0.3084(19) s [43]
0.303(2) s [44]
0.37(5) s [45]
0.32(2) s [46]
132Xe 3.33 2752 10+ 174, 538, 600, 668, and 773 8.37(8) ms 8.39(11) ms [47]
8.4(8) ms [48]
8.2(6) ms [49, 50]
133Xe 3.33 2107 23/2+ 231, 695, and 948 8.64(13) ms –
135Ba 3.33 2388 23/2+ 254, 682, and 1184 1.06(4) ms –
and Fig. 5(c1,2). A small constant background remains394
after background subtraction in the time distribution of395
the 2+1 → 0+1 668 keV transition due to a weak feeding396
from β decays of 132I and 132Cs. Both independently de-397
termined half-lives are in excellent agreement with the398
previous values [47–50]. The consistency between the lit-399
erature values and the current analysis demonstrates the400
reliability of the analysis.401
The background-subtracted time distributions of the402
231-, 947-, and 695-keV transitions in 133Xe are presented403
in Figs. 5(c1,2),(d1,2), and (e1,2). Exponential fits of the404
slope components yield respective half-lives of 8.62(13),405
8.60(9), and 8.68(8) ms. The constant random back-406
ground is determined separately and incorporated into407
the fit. The independently determined half-lives utilizing408
the three different gate conditions show excellent agree-409
ment. Systematic errors from uncertainties in the deter-410
mination of the background are taken into account. The411
final weighted mean value of T1/2 = 8.64(13) ms is newly412
established for the Jpi = 23/2+ state in 133Xe.413
Background subtracted time spectra of transitions de-414
exciting the state at Ex = 2388 keV in 135Ba, fits,415
and corresponding residuals are presented in Figs. 5(f1)-416
(h3). The fit for the 254-keV transition yields a half-417
life of 1.09(3) ms. Independently determined half-lives418
involving the 1184-keV (1.04(3) ms), and the 682-keV419
(1.05(2) ms) γ ray are in mutual agreement. The final420
weighted mean half-life of the Jpi = 23/2+ state in 135Ba421
is measured to be T1/2 = 1.06(4) ms taking into account422
systematic errors.423
According to systematics and shell-model arguments,424
a direct single-step decay of the 2107 + x-keV bandhead425
of the 465-468-1253-keV cascade in 133Xe via a 231-keV426
transition was slightly favored in the previous work [5].427
However, a decay via an unobserved low-energy transi-428
tion similar to 129Sn and 139Nd could not be ruled out.429
Internal conversion coefficients and angular-correlation430
measurements were carried out to clarify the decay pat-431
terns in 133Xe and 135Ba. Since conversion electrons are432
not directly detected, the internal conversion coefficient433
αT is determined via the intensity-balance method de-434
scribed in Ref. [52]. In the off-beam measurement the435
isomer in 133Xe decays via the 231-948-695 cascade to-436
wards the Jpi = 11/2− state. Therefore, the intensities437
of the 231 and 948-keV transitions, corrected for detec-438
tor efficiency and internal conversion, are equal in the439
delayed γ-ray spectrum:440
Iγ1(1 + αγ1) = Iγ2(1 + αγ2) (1)
where Iγ1,2 are the efficiency-corrected γ-ray intensities441
and αγ1,2 are the total internal-conversion coefficients442
(ICC). The off-beam intensities I948 keV and I231 keV are443
extracted from the γ-ray spectra of the 14 HPGe de-444
tectors by gating on the off-beam time window with a445
time gap of 100 ns from the in-beam part to exclude446
possible feeding from short-lived components. Using the447
weighted arithmetic mean of the 14 measurments and the448
well established E2 character of the 948 keV transition449
(α948 = 0.00182 [51]), a value of α231 = 0.49(9) is ob-450
tained for the 231-keV transition. Based on a comparison451
with theoretical αT values [51], presented in Fig. 6(a),452
the multipolarity of the 231-keV transition can be re-453
stricted to an M2 or E3 character. Applying the same454
method to the 254-1184-keV cascade in 135Ba, a value of455
α254 = 0.32(7) for the 254 keV transition is computed.456
Again, a comparison with theoretical values shown in457
Fig. 6(b) yields a good agreement with M2 or E3 multi-458
polarities for the 254-keV γ ray.459
Angular-correlation measurements provide a com-460
plementary approach to the internal conversion co-461
efficient measurement. Figures 6(c)-(e) show com-462
parisons of theoretical angular-correlation functions463
W (J1, δ1, J2, δ2, J3,Θ, σ) (colored lines) with experimen-464
tally obtained relative intensities in three different corre-465
lation groups. A fit of the 2+2 → 2+1 1120-keV transition466
in 214Po, measured in the energy calibration run with467
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Figure 5. (Color online) Gates on background-subtracted γ-time matrices and half-life fits for the gating conditions (a1-2)
819 keV in 136Ba measured in the seconds-pulsing experiment, (b1-2) 538 keV and (c1-2) 668 keV in 132Xe, (d1-2) 231 keV,
(e1-2) 947 keV, and (f1-2) 695 keV in 133Xe, (g1-2) 254 keV, (h1-2) 1184 keV, and (i1-2) 682 keV in 135Ba obtained in the
milliseconds-pulsing experiment. The corresponding residual, defined as difference between absolute value and fit function, is
shown in panels (a3), (b3), (c3), (d3), (e3), (f3), (g3), (h3), and (i3), respectively. Half-lives are determined from exponential
fits of the delayed component. The fit is drawn with a solid red line. Random background is determined separately (dashed
blue line) and incorporated into the fit model.
a 226Ra source, is shown in Fig. 6(c). The determined468
multipole-mixing ratio of δ = 0.19(6) agrees well with the469
evaluated multipole-mixing ratio of δlit. = 0.18(2) [53].470
The corresponding angular-correlation fit of the 231-keV471
transition, gated on the 948-keV transition in 133Xe, is472
presented in Fig. 6(d). The multipolarity of the 948-keV473
γ ray is fixed to be an E2 transition, while different spin474
hypotheses of the 2107-keV state are tested. Combined475
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9with the internal conversion coefficient measurement, a476
spin assignment of Jpi = 23/2+ and a multipole-mixing477
ratio of δ23/2+→19/2− = −0.021(10) is most likely for the478
2107-keV state. The small value of the multipole-mixing479
ratio indicates a dominant M2 contribution and a small480
E3 admixture in the ∆J = 2 transition.481
Spin hypotheses for the 2388-keV state in 135Ba482
are tested by employing the same angular-correlation483
method. In Fig. 6(e) experimentally determined in-484
tensities of the 254-keV γ ray in the different cor-485
relation groups, gated on the 1184-keV transition,486
are compared to theoretical intensities. Again, the487
23/2+ δ−→ 19/2− → 15/2− hypothesis (solid line) with488
δ23/2+→19/2− = −0.009(4) yields the best agreement.489
The small multipole-mixing ratio indicates a dominat-490
ing M2 character of the 254-keV transition. Neverthe-491
less, based on the fit results of this work, a spin assign-492
ment of J = 19/2 (χ2 = 1.9) or 21/2 (χ2 = 1.3) can-493
not be excluded either. However, the internal conversion494
coefficient measurement shown in Fig. 6(b) suggests a495
Jpi = 23/2+ spin assignment. This argument is further496
supported by the previous results of Ref. [26], where both497
spin assignments J = 19/2 and J = 21/2 are excluded.498
Internal-conversion coefficients are calculated employ-499
ing the newly determined multiple-mixing ratios δ via the500
following expression [54]:501
αT =
αT (M2) + δ2αT (E3)
1 + δ2 (2)
where αT (M2) and αT (E3) are theoretical ICC val-502
ues. The calculated values αT = 0.421(6) for 133Xe and503
αT = 0.364(5) for 135Ba are in good agreement with the504
independently measured ICC values, showing the com-505
plementarity between both approaches.506
IV. DISCUSSION507
The experimentally obtained isomer excitation en-508
ergies, half-lives and corresponding reduced transition509
probabilities in 133Xe and 135Ba are compared to shell-510
model theory. All shell-model calculations were car-511
ried out in an untruncated gdsh valence space out-512
side doubly-magic 100Sn, employing the shell-model code513
NuShellX@Msu [55], the massive-parallelization code514
kshell [56] and the ANTOINE shell-model code [57].515
The first calculation is conducted in the framework516
of the realistic shell model [58, 59], denoted as Realistic517
SM. Single-particle energies and two-body effective inter-518
action are determined from the established CD-Bonn free519
nucleon-nucleon potential using the Vlow-k approach with520
a cutoff momentum of Λ = 2.6 fm−1, plus the Coulomb521
force for protons. The effective shell-model Hamiltonian522
is derived iteratively by means of the many-body per-523
turbation theory in the Qˆ-box folded diagram expansion,524
including all diagrams up to third order in the interac-525
tion.526
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Figure 6. (Color online) (a) Total conversion coefficient for
the 231-keV transition in 133Xe compared with predicted val-
ues from the BrIcc v2.3 database [51]. (b) Similar comparison
for the 254-keV transition in 135Ba. The multipolarity of the
231 and 254-keV transition can be restricted to M2/E3 char-
acter. γγ off-beam angular correlations for (c) the known
1120-609-keV cascade in 214Po, (d) the 231-948-keV cascade
in 133Xe, and (e) the 254-1184-keV cascade in 135Ba. Ex-
perimental values (black points) are compared to calculated
angular-correlation functions W (J1, δ1, J2, δ2, J3,Θ, σ) (lines)
for three correlation groups.
Another calculation is carried out with the jj55pn527
Hamiltonian (referred to as the SN100PN interac-528
tion) [60]. The Hamiltonian consists of four terms cover-529
ing the neutron-neutron, neutron-proton, proton-proton,530
and Coulomb repulsion between the protons individu-531
ally. A renormalizedGmatrix derived from the CD-Bonn532
interaction [61] was employed to construct the realistic533
two-body residual interaction. The proton and neutron534
single-particle energies are based upon the energy levels535
in 133Sb and 131Sn.536
A third calculation is performed utilizing the effective537
interaction GCN50:82 [62, 63]. Similar to the SN100PN538
interaction, the interaction is derived from a realistic539
G matrix based on the CD-Bonn potential. Empirical540
monopole corrections to the original G matrix are intro-541
duced by fitting different combinations of two-body ma-542
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Figure 7. Comparison of experimental energy spectra of 133Xe (left panel, (a)) with the results of shell-model calculations
employing the (b) Realistic SM, (c) SN100PN, (d) GCN50:82, and (e) SN100-KTH interaction. Note that the states are
separated into columns for the negative- and the positive-parity states.
trix elements to sets of experimental excitation energies543
from even-even and even-odd semi-magic nuclei.544
The last calculation, hereinafter referred to as SN100-545
KTH, leverages the realistic CD-Bonn interaction as well.546
The T = 1 part of the monopole interaction was cor-547
rected via the Monte-Carlo global optimization approach548
by fitting several low-lying yrast states in Sn isotopes. A549
renormalization was performed by a perturbative G ma-550
trix approach to include core-polarization effects. It was551
shown that the calculations reproduce well the excitation552
energies and E2 transition probabilities in even-even Te553
isotopes [64, 65].554
A comparison of (a) experimental energy spectrum of555
133Xe with the results of (b) Realistic SM, (c) SN100PN,556
(d) GCN50:82, and (e) SN100-KTH shell-model calcula-557
tions is shown in Fig. 7. The states are separated into558
columns for the negative- and the positive-parity states.559
All four calculations reproduce the spin of the Jpi = 3/2+560
ground state. The GCN50:82 interaction slightly over-561
predicts the Ex = 233-keV Jpi = 11/2−1 state by 37 keV562
while the Realistic SM, SN100PN, and SN100-KTH inter-563
actions place the Jpi = 11/2−1 state 84, 198, and 102 keV564
too low in excitation energy, respectively. All interactions565
show a good agreement for the low-spin positive-parity566
states below 1 MeV.567
The 948-, and 695-keV γ-ray transitions, forming the568
19/2−1 → 15/2−1 → 11/2−1 cascade, are calculated as 726569
and 852 keV using Realistic SM, 883 and 707 keV us-570
ing SN100PN, 977 and 706 keV using GCN50:82, and571
as 939 and 649 keV using SN100-KTH, respectively.572
The calculated excitation energy of the isomeric Jpi =573
23/2+1 state is in excellent agreement with the exper-574
imental value exhibiting deviations of only 45 (Realis-575
tic SM), 134 (SN100PN), 5 (GCN50:82), and 24 keV576
(SN100-KTH). Additionally, the 23/2+1 → 19/2−1 tran-577
sition is computed as Eγ = 335 keV (Realistic SM),578
Eγ = 348 keV (SN100PN), Eγ = 176 keV (GCN50:82)579
and Eγ = 429 keV (SN100-KTH), compared to the ob-580
served 231-keV γ-ray transition in the experiment.581
The level structure of the +2p isotone 135Ba is more582
intricate. A comparison of (a) experimental energy spec-583
tra of 135Ba with the shell-model results of (b) Realistic584
SM, (c) SN100PN, (d) GCN50:82, and(e) SN100-KTH585
calculations are presented in Fig. 8. Again, the states are586
separated into columns for negative- and positive-parity587
states. The Jpi = 3/2+1 ground state is well reproduced588
by the Realistic SM, GCN50:82 and SN100-KTH inter-589
actions. However, the SN100PN interaction locates the590
Jpi = 3/2+1 state 3 keV above the Jpi = 11/2−1 state. The591
other three interactions compute the Jpi = 11/2−1 state592
(Ex = 268 keV) to have excitation energies of 274 (Realis-593
tic SM), 297 (GCN50:82), and 79 keV (SN100-KTH). The594
interactions yield a good reproduction of the experimen-595
tally determined positive low-spin regime below 1 MeV596
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Figure 8. Comparison of experimental energy spectra of 135Ba (left panel, (a)) with the results of shell-model calculations
employing the (b) Realistic SM, (c) SN100PN, (d) GCN50:82, and (e) SN100-KTH interactions. The arrangement of the states
mirrors the layout in Fig. 7.
excitation energy.597
The interactions reproduce the 19/2−1 → 15/2−1 →598
11/2−1 cascade with γ-ray energies of 1052 and 682 keV599
very well. Deviations amount to 73 and 155 keV600
(Realistic SM), 105 and 16 keV (SN100PN), 43 and601
26 keV (GCN50:82), as well as 37 and 54 keV (SN100-602
KTH). In the experiment the energy difference be-603
tween the first and second excited Jpi = 19/2− states604
is 131 keV, compared to the calculations of 123 (Re-605
alistic SM), 139 (SN100PN), 128 (GCN50:82), and606
243 keV (SN100-KTH). The calculated excitation ener-607
gies for the first and second excited Jpi = 23/2+ states608
of 2320/3032 (Realistic SM), 2007/2668 (SN100PN),609
2252/3260 (GCN50:82), and 2138/3523 keV (SN100-610
KTH) are in good agreement with the experimentally611
determined Ex = 2388/2985 keV. Additionally, the612
23/2+1 → 19/2−2 transition is computed as Eγ = 126 keV613
(Realistic SM), Eγ = 223 keV (SN100PN), and Eγ =614
74 keV (GCN50:82), compared to the observed 254-keV615
γ-ray transition in the experiment. Nonetheless, the616
SN100-KTH interaction is the only interaction which617
computes the Jpi = 19/2−2 state slightly above the Jpi =618
23/2+1 state.619
The nuclear structures along the N = 79 isotones620
closely resemble each other. Figures 9(a)-(l) show the de-621
composition of the total angular momentum I = Ipi ⊗ Iν622
into its proton and neutron components for selected623
states using the GCN50:82 interaction. The decomposi-624
tions are very similar to those computed by the SN100PN625
and SN100-KTH interactions. Although being more frag-626
mented going from 131Te to 135Ba, the spin decomposi-627
tions of the high-spin states above the Jpi = 11/2−1 state628
are similar. In 131Te and 133Xe, the Jpi = 23/2+1 state629
decays into the yrast Jpi = 19/2−1 state, while in 135Ba630
it decays into another yrare Jpi = 19/2− state. Never-631
theless, the spin decomposition of the first and second632
excited Jpi = 19/2− states are almost identical.633
The interaction predicts the Jpi = 23/2+1 state to pre-634
dominantly have (54% 133Xe; 43% 135Ba) ν 23/2+⊗pi 0+635
and (32%; 37%) ν 23/2+ ⊗ pi 2+ stretched neutron spin636
configurations. On the other hand, the Jpi = 19/2−637
states in both 133Xe and 135Ba are mostly assigned to638
configurations with neutron spin Iν = 11/2 coupled to639
proton spins of Ipi = 4 and Ipi = 6. These configuration640
differences provide a microscopic reason of the long-lived641
Jpi = 23/2+ states; their decays require a considerable642
reordering of angular momentum for protons and neu-643
trons which strongly hinders a transition between both644
states.645
The isomeric character is also scrutinized via a detailed646
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Figure 9. (Color online) Decomposition of the total angular
momentum I = Ipi ⊗ Iν into its proton and neutron compo-
nents for the Jpi = 19/2−1 , 19/2−2 , 21/2−1 , and 23/2−1 states in
(a)-(d) 131Te, (e)-(h) 133Xe, and (i)-(l) 135Ba calculated with
the GCN50:82 interaction. Strongest components are labeled
with corresponding percentages.
decomposition of the Jpi = 19/2−, and 23/2+ states647
of the N = 79 isotones 131Te, 133Xe, and 135Ba into648
their proton and neutron configurations computed by the649
GCN50:82 interaction, presented in Figs. 10 (a)-(f). The650
wave functions of the Jpi = 23/2+1 states are dominated651
by the neutron ν(h−211/2d
−1
3/2) configuration with probabil-652
ities of 81.3% (131Te), 60.3% (133Xe), and 44.0% (135Ba).653
Also the SN100PN and SN100-KTH calculations yield a654
dominant ν(h−211/2d
−1
3/2) neutron configuration.655
In contrary, with GCN50:82, the leading neutron con-656
figurations of the final Jpi = 19/2− state are νh−311/2657
and ν(h−111/2d
−2
3/2) contributing with probabilities of 31.4658
and 34.3% in 131Te, 13.7 and 24.8% in 133Xe, as well as659
4.9 and 20.3% in 135Ba. The ν(h−211/2d
−1
3/2) configuration660
nearly vanishes in the decomposition of the Jpi = 19/2−661
states. The dominant components of the Jpi = 19/2−662
and 23/2+ states can be connected by a M2 transition663
operator, however, the hindrance of the M2 transition664
can be traced back mainly due to the change of the neu-665
tron content of the states.666
Finally, reduced transition probabilities for the667
23/2+ → 19/2− transitions in 131Te, 133Xe and 135Ba are668
calculated with the Realistic SM, SN100PN, GCN50:82,669
and SN100-KTH interactions. Modified g factors of670
gl = glfree and gs = 0.68gsfree for protons and neu-671
trons are used for the SN100PN, GCN50:82, and SN100-672
KTH interactions. The obtained quenching factor of673
0.68 is tuned to reproduce the magnetic moments of the674
Jpi = 11/2−1 states in 129Sn (µ = −1.297(5)µn [66]) and675
131Te (µ = −1.123(7)µn [67]). In the Realistic SM calcu-676
lation nuclear g factors of gl = 1.2, gs = 3.91 for protons677
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Figure 10. (Color online) Decomposition of the Jpi = 19/2−
and 23/2+ states of (a)-(b) 131Te, (c)-(d) 133Xe and (e)-(f)
135Ba into their proton and neutron configurations computed
by the GCN50:82 interaction. Strongest components are la-
beled with corresponding percentages.
and gl = 0.2, gs = −2.678 for neutrons are employed.678
The effective charges for protons and neutrons are679
selected to reproduce the E2 transistion strengths of680
the first excited Jpi = 2+ state in the Z = 50 iso-681
tope 128Sn (B(E2; 2+ → 0+) = 4.2(3) W.u. [68])682
and of the 19/2− → 15/2− decay (B(E2; 19/2− →683
15/2−) = 2.56(14) W.u. [69]) in 133Te using the684
SN100PN, GCN50:82, and SN100-KTH interactions.685
The adopted effective charges are eν = 0.81e and epi =686
1.52e. Selected values are in excellent agreement with the687
effective charges used in a recent study of the N = 81 iso-688
tonic chain [70] and the previous study of 136Ba [71]. In689
the Realistic SM calculation effective charges of eν = 0.7e690
and epi = 1.7e are used.691
The newly established half-lives are converted intoM2692
and E3 reduced transition probabilities using the equa-693
tions [72, 73]:694
B(M2) = 5.12× 10
−8
T1/2E5γ
1
1 + δ2E3
M2
µ2N fm2 (3)
and695
B(E3) = 1.21× 10
−3
T1/2E7γ
δ2E3
M2
1 + δ2E3
M2
e2fm6 (4)
where T1/2, Eγ and δ E3
M2
correspond to the measured half-696
life of the initial state in seconds, the γ-ray energy in697
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Table II. Summary of experimental and theoretical results for E2, M2, and E3 reduced transition strengths of the N = 79
isotones 129Sn, 131Te, 133Xe, and 135Ba. Transition strengths are given in Weisskopf units. Experimental values of 129Sn and
131Te are taken from Refs. [1, 4, 6].
Isotope Jpii → Jpif Ei (keV) T1/2 (ms) σλ B(σλ)↓ (W.u.)
Experiment Theory
Realistic SM SN100PN GCN50:82 SN100-KTH
129Sn
27/2−1 → 23/2−1 2552 0.27(7)× 10−3 E2 0.79(36) – 0.72 0.72 0.72
23/2+1 → 19/2+1 1802 2.4(2)× 10−3 E2 1.24(10) – 1.45 0.71 1.44
19/2+1 → 15/2+1 1761 3.6(2)× 10−3 E2 1.37(8) – 2.11 1.78 2.14
131Te 19/2
−
1 → 15/2−1 1581 71(20)× 10−9 E2 3.5(10) – 4.9 2.9 3.5
23/2+1 → 19/2−1 1941 93(12) M2 2.0(3)× 10−6 – 404× 10−6 197× 10−6 305× 10−6
133Xe 23/2+1 → 19/2−1 2107 8.64(13)
M2 0.209(3)× 10−3 1.163× 10−3 1.613× 10−3 0.668× 10−3 1.691× 10−3
E3 0.0017(16) 0.476 0.124 0.021 0.221
135Ba 23/2+1 → 19/2−2 2388 1.06(4)
M2 1.053(40)× 10−3 4.12× 10−3 2.440× 10−3 3.878× 10−3 2.283× 10−3
E3 0.0012(11) 1.161 0.144 0.119 0.164
MeV and the multipole-mixing ratio of the γ ray. The698
experimentally deduced B(σλ) values and the results of699
the shell-model calculations are summarized in Table II.700
To benchmark shell-model calculations, several previ-701
ously known B(E2) values of 129Sn and 131Te are added.702
The experimental E2 reduced transition strengths of the703
decay of the seniority v = 3 multiplet states Jpi = 19/2+,704
23/2+, and 27/2− [1, 4] in 129Sn are well described705
within the three shell-model calculations. The discrep-706
ancy between the three calculations stays below 50%707
for the B(E2; 23/2+ → 19/2+) value in 129Sn. More-708
over, the calculated B(E2) transition probability of the709
19/2− → 15/2− decay in 131Te agrees well with the ex-710
periment.711
Assuming a pure M2 transition, the experimental712
B(M2; 23/2+ → 19/2−) value of the Eγ = 360-keV tran-713
sition in 131Te is 2.0(3) × 10−6 W.u. [2]. This value is714
overpredicted by at least two orders of magnitudes by715
the shell-model calculations. The single-particle Weis-716
skopf estimate for the half-life of the Eγ = 231 keV tran-717
sition in 133Xe is 1.8 µs for an M2 and 32 ms for an718
E3 transition. In 135Ba the half-life corresponding to719
one Weisskopf unit is 1.1 µs for an M2 and 16 ms for720
an E3 transition. Assuming a pure M2 transition, the721
Weisskopf hindrance factors of the Jpi = 23/2+ isomers722
are FW = T exp1/2 /TW1/2 = 4800 in 133Xe and FW = 964 in723
135Ba, compared to values of FW = 0.27 and FW = 0.066724
for pure E3 transitions, respectively.725
The experimental B(M2) and B(E3) values of the726
23/2+1 → 19/2−1 decay in 133Xe are 209(3) × 10−6 and727
1.7(16)× 10−3 W.u., respectively. Calculations with the728
four interactions yield B(M2) values which overpredict729
the experimental result by factors of 3.2 to 8.1. The mea-730
sured E3 admixture of the 231-keV transition is predicted731
at least one to two orders of magnitude too high. Only732
the B(E3) value computed by the GCN50:82 interaction733
is in reasonable agreement with the measured one.734
The calculations for 135Ba yield 2.2-3.9 times larger735
M2 transition strengths compared to the experimen-736
tal M2 transition strength B(M2; 23/2+ → 19/2−) =737
1.053(40)× 10−3 W.u. Moreover, the transition strength738
to the first excited Jpi = 19/2− state is computed to be739
2.277 × 10−3, 1.607 × 10−3, and 2.627 × 10−3 W.u. by740
the GCN50:82, SN100-KTH, and SN100PN interactions,741
respectively. The B(E3) value of the 254-keV transition742
is overestimated by two orders of magnitude.743
The calculated B(M2) values depend on the choice of744
proton and neutron g factors. Calculations employing745
gl(pi) = 1.13, gs(pi) = 4.04, gl(ν) = 0.02 and gs(ν) =746
−2.65, taking into account core polarization and meson-747
exchange currents [74, 75], change the B(M2; 23/2+ →748
19/2−) values slightly to 1.679× 10−3 W.u (SN100PN),749
0.693 × 10−3 W.u (GCN50:82), and 1.771 × 10−3 W.u750
(SN100-KTH) in 133Xe and similar values of 2.559 ×751
10−3 W.u (SN100PN), 4.029 × 10−3 W.u (GCN50:82),752
and 2.406× 10−3 W.u (SN100-KTH) in 135Ba.753
The fact that the M2 transition operator is mainly as-754
signed to a change in neutron configuration (cf. Fig 10)755
is also reflected in the proton Ap and neutron An ampli-756
tudes which serve as weighting factors for the proton and757
neutron contribution to the M2 matrix elements. For758
the GCN50:82 interaction, the Ap and An amplitudes759
are 0.032 and 0.251 in 133Xe and 0.057, 0.463 in 135Ba,760
respectively.761
The shell-model calculations support a dominatingM2762
character for the 23/2+ → 19/2− transitions. Calculat-763
ing the ratio B(M2)/B(E3) by using Eqs. 3 and 4 and764
solving for |δ| yields multipole-mixing ratios of 0.230,765
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0.068 (Realistic SM), 0.098, 0.055 (SN100PN), 0.032,766
0.013 (GCN50:82), and 0.158, 0.003 (SN100-KTH) for767
133Xe and 135Ba, respectively. The values derived from768
the shell-model results are very similar to the experi-769
mentally determined |δ| values of 0.021(10) and 0.009(4).770
Moreover, the results support the smaller E3 admixture771
in 135Ba compared to 133Xe.772
V. CONCLUSIONS773
In summary, a detailed study of isomeric J = 23/2+774
states was performed in 133Xe and in 135Ba. Their775
half-lives of T1/2 = 8.64(13) ms in 133Xe and T1/2 =776
1.06(4) ms in 135Ba close a gap along the N = 79 iso-777
tones. Measurements of the multipole-mixing ratio and778
internal-conversion coefficient of the 231-keV transition779
in 133Xe and the 254-keV transition in 135Ba yield a780
dominantM2 character. The experimentally determined781
B(M2) and B(E3) transition strengths are compared to782
the results of large-scale shell-model calculations employ-783
ing the Realistic SM, GCN50:82, SN100PN, and SN100-784
KTH interactions. In particular, interactions with im-785
proved and corrected monopole parts, i.e., GCN50:82,786
show a good agreement with the experimental findings.787
A detailed inspection of the evolution of proton and neu-788
tron decompositions along the N = 79 chain provide in-789
sight into the changing nuclear structure. The neutron790
configuration ν(h−211/2d
−1
3/2) is responsible for the isomeric791
character of the 23/2+ states. The different shell-model792
calculations follow the measured B(M2) systematics as793
function of proton filling in the gdsh orbitals along the794
N = 79 isotones. In particular, the agreement between795
calculated and experimentalB(M2) values improves with796
increasing proton number.797
However, the systematics of the N = 79 isotonic798
chain still lacks some information. In 2013 a recoil-799
decay tagging experiment reported on three feeding tran-800
sitions decaying into the isomeric Jpi = (23/2+) state801
at Ex = 2616 keV in 139Nd [3]. So far, there are no802
states observed which populate the Jpi = 23/2+ isomers803
in 131Te and 135Ba. In future, a similar measurement804
in both nuclei is of high interest to resolve those feeding805
patterns. There is a large disagreement between shell-806
model theory and experiment for the transition strength807
of the 23/2+1 → 19/2−1 decay in 131Te, motivating new808
refined experiments.809
Furthermore, despite a detailed knowledge of the high-810
spin regime in 137Ce, no Jpi = 23/2+1 isomer was reported811
to date. The hitherto known 23/2+ state disrupts the812
isotonic systematics and is unlikely an isomer. However,813
the 2490-keV state, decaying into the 19/2−2 state, is a814
possible candidate for the expected isomer [14]. Further815
experiments should be performed to elucidate a possible816
onset of Jpi = 23/2+1 isomerism in 137Ce.817
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